Hydroxyapatite (HA) was synthesized by the hydrothermal treatment of octacalcium phosphate (OCP). Powder of OCP was hydrothermally treated with distilled water at 120-240°C for 3-24 h. Only diffraction lines assigned to HA were detected by X-ray diffraction (XRD) even after the treatment at 120°C for 3 h. The crystallinity of the formed HA increased with increasing the treatment temperature and period. Plate-shaped particles were split into small strip-shaped particles by the hydrothermal treatment and this phenomenon was obvious when the treatment temperature was high and the period was long. However, the plate-shape morphology was remained when OCP was transformed to HA at 120°C for 3 h. The hydrothermal treatment of OCP is useful to synthesize the plate-shaped HA particles in a short period.
Hydroxyapatite (HA, Ca10(PO4)6(OH)2) is the inorganic component of bone. 1) HA ceramics are widely used as bone substitutes and adsorbents because they can bond to living bone 2)-4) and adsorb organic substances. 5)- 7) The properties of HA particles are affected by the morphology, crystallinity, and so on. Therefore, it is important to control these factors to tailor the HA ceramics. When we try to control the morphology of HA particles, it is important to select adequate precursors because the resultant morphology of HA is sometimes affected by the morphology of the precursors. Octacalcium phosphate (OCP, Ca8(HPO4)2(PO4)4·5H2O) has been reported to be a precursor of HA in teeth and bones. 8) OCP has a layered structure composed of an "apatite layer", whose structure is similar to HA and a "hydrated layer", which contains water, 9) and tend to have plateshape morphology.
The transformation of OCP to HA has been examined. 8),10),11) In the previous studies, the reaction was conducted at the temperature below the boiling point of water. We previously reported that the formation of HA by the reaction between α-tricalcium phosphate and water was accelerated by using the hydrothermal conditions and revealed that crystal growth can be controlled by the hydrothermal conditions. 12),13) Even in the transformation of OCP to HA, we can expect the accelerated reaction and controlled crystal growth by a hydrothermal treatment. In the present study, the synthesis of HA from OCP by a hydrothermal treatment was attempted.
OCP powder was synthesized according to the method previously reported. 14),15) Twenty mmol of phosphoric acid (H3PO4, 85%, Wako Pure Chemical Industries, Ltd.) was added to 200 cm 3 of distilled water, and the mixture was stirred for more than several minutes. The resultant homogeneous solutions were kept at 60°C, and then 0.0266 mol of calcium carbonate (CaCO3, Wako Pure Chemical Industries, Ltd.) was added to the solutions under stirring. The resulting suspension was stirred at 60°C for 6 h. The product was obtained using suction filtration, washed with distilled water and dried under ambient conditions. The obtained OCP powder 0.15 g was placed in a polytetrafluoroethylene-lined sealed vessel with 15 cm 3 of distilled water. The sealed vessel was kept in an oven at 120-240°C for 3-24 h for the hydrothermal treatment. After the treatment, the products were collected, washed with distilled water, and dried under ambient conditions. The pH value of the distilled water was measured before and after the treatment. The phase of the product was examined using powder X-ray diffraction (XRD; RINT2200V/PC-LR, Rigaku Co.). The morphology of the product was observed using field emission scanning electron microscopy (FE-SEM; S-4100, Hitachi, Ltd.). For the SEM observations, a thin coating of Pt was deposited on the surface of the product. Figure 1 shows the XRD pattern and SEM photograph of the OCP powder which was synthesized for the starting material. The XRD lines were assigned to OCP ( Fig. 1(a) ) and characteristic plate-shaped particles of OCP ( Fig. 1(b) ) were observed. Figure 2 shows XRD patterns the products after the hydrothermal treatment of the OCP powder at various temperatures for 24 h. The XRD line at 4.7° of 2θ which is the main XRD line of OCP disappeared after the treatment, and all the products were assigned to HA from XRD patterns. The XRD lines became sharper with increasing the treatment temperature. This indicates that crystallinity of formed HA increased with increasing the temperature. The morphology of the obtained products after the hydrothermal treatments at various temperatures for 24 h is shown in Fig. 3 . It seemed that plate-shape morphology derived from OCP was remained, but plate-shaped particles were split into smaller strips after the hydrothermal treatment. The amount of strip-shaped particles increased with increasing the treatment temperature. Figure 4 shows XRD patterns of the products after the hydrothermal treatment of the OCP powder at 120°C for various periods. The XRD line at 4.7° of 2θ which is the main XRD line of OCP disappeared even after the treatment for 3 h, and XRD lines were assigned to HA for all the products obtained with different treatment periods. The XRD lines became sharper with increasing the treatment period. This indicates that crystallinity of formed HA increased with increasing the period. Figure  5 shows SEM photograph of the obtained product treated at 120°C for 3 h. It seemed that plate-shape morphology derived from OCP was remained even after the hydrothermal treatment, although some of strip-shaped particles were also observed. The transformation reaction of OCP to HA was promoted with increasing the temperature and period of the hydrothermal treatment. The expected reaction is as follows in Eq. (1). 5 Ca8(HPO4)2(PO4)4·5H2O → 4 Ca10(PO4)6(OH)2 + 6 H3PO4 + 17 H2O
( 1 )
The pH of the used distilled water was about 5.5 before the treatment, and it decreased to about 4.0 in any treatment conditions. This was due to the formation of H3PO4 as shown in Eq. (1).
Brown et al. 8) examined the transformation of OCP to HA in the boiling water, and showed that OCP remained even after 6 h and complete transformation was confirmed at 72 h. Nelson et al. 10) reported the transformation of OCP to HA in the doubledistilled water at 70°C and showed that OCP remained even after 14 h. When we employed a hydrothermal treatment, only 3 h was enough to transform OCP to HA. Moreover, the morphology derived from OCP was remained even after the transformation from OCP to HA. Therefore, the hydrothermal technique is useful when we want to obtain plate-shaped HA particles.
